A simple spectrophotometric assay of phosphoribosyl pyrophosphate synthetase from human erythrocytes is described. The kinetic properties of the enzyme have been determined and are in good agreement with published results. Conditions for storing haernolysates at -20°C are described. The method is suitable for semi-automation.
The synthesis of phosphoribosyl pyrophosphate (PRPP) from ATP and ribose-5-phosphate (R-5-P) is catalysed by PRPP synthetase (EC.2. 7.6.1.) and the reaction involves the direct transfer of the terminal pyrophosphate of ATP to the I' carbon of R-5-P.' R-5-P + ATP PRPP synthetase PRPP + AMP ) Many of the current assays for PRPP synthetase involve a procedure in which the PRPP formed by the enzyme is reacted with a radioactively labelled base such as [8-14C)adenine2 or [8-14C)hypoxanthine3 in the presence of purine phosphoribosyl transferase (EC.2.4.2.1.). The corresponding labelled nucleotide formed can be separated by high-voltage electrophoresis" or by paper or thin-layer chromatography. 3. 2 These methods are expensive, time-consuming and unsuitable for semi-automation. Similar disadvantages occur when either [14C)ATp 4 or ATP_y_ 32p is used as substrate. " PRPP synthetase has also been assayed by measurement of PRPP using the following linked reactions." The reaction is followed spectrophotometrically at 295 nm during the conversion of fluoroorotate to fluoro-UMP. This is a sensitive assay but the cost and slow delivery of the reagents for the coupled reactions are disadvantages. Switzer" has assayed the enzymic activity using PRPP as substrate coupled with the action of hexokinase and glucose-S-phosphatc dehydrogenase by monitoring the NADPH formed at 340 nm.
The commercial substrate PRPP, although expensive and not readily available, was very impure and, in our hands, the reproducibility was poor.
Alternative assays for the enzymic activity involve the measurement of AMP."' K R-5-P + ATP PRPP synthetase PRPP + AMP ) The reaction product, AMP, is monitored at 340 nm using the following NADH method: protein content of the supernatant of the initial 1 in 17 haemolysate was measured on a Gilford Staser III using the biuret reagent and a standard reference serum. AMP + ATP adenylic kinase 2 ADP • lactic 2 pyruvate de 2 lactate
The assay of AMP production described by Valentine and Kurschner" appeared to be the most suitable for our requirements. However, in spite of using apparently identical experimental conditions, many difficulties were encountered and reproducibility was unacceptable. We found that, although the assay was reported to be performed at pH 8, the buffer capacity was quite inadequate to accommodate the reagents and the pH fell from 8 to 6·8. We have therefore modified the assay procedure of Valentine and Kurschner until we obtained a kinetically reliable method yielding consistent values for human erythrocyte PRPP synthetase activity. All enzyme activity ranges studied showed a linear change in absorbance for at least 30 minutes.
Calculation
The PRPP synthetase activity is expressed as nmol substrate/mg proteinih at 37°C under the described conditions.
where dA is the decrease per h in absorbance at 340 nm, 6·22x 10 3 is the molar extinction coefficient of NADH at 340 nm, 2 is the stoichiometric factor, 2·275/0·2 is the dilution factor and P is the protein concentration expressed as mg/L of the initial haemolysate supernatant.
Materials and methods

PREPARATION OF HAEMOLYSATES
Blood samples were collected into heparinised tubes following venepuncture without stasis. The red cells were separated from the plasma and buffy layer following centrifugation at 1000 g for 10 min. The packed cells were washed well thrice with physiological saline. After the final wash the packed cells were diluted with saline (0'9%) to the original volume of whole blood. One mL of the homogeneous cell suspension was added to 8 mL of ice-cold water and mixed for 10 min. Eight mL of phosphate buffer (90 mrnol/L, pH 7,4) containing disodium EDTA (4 mmol/L) was added to the 'laked' cells and the mixing continued for 10 min, followed by centrifugation at 1000 g for 10 min. The supernatant was diluted 1:8·5 with phosphate buffer (67·5 mmol/L, pH 7·75) containing disodium ATP and MgCl 2 to give a storage haemolysate preparation of 0·65 mmol/L ATP, 1·25 mmol/L Mg 2+, 0·22 mmol/L EDTA in 64·5 mmol/L phosphate buffer (pH 7,75). This solution was divided into small aliquots, frozen in liquid nitrogen and stored at -20°C. The PRPP activity = dA X 10 6 x 2·275 2 x 6220 x 0·2 x P dA x 914·39 P concentration of ATP (1· 33 mmollL) is shown in Fig. 2 together with the Lineweaver-Burk plot in the insert. The dependence of the enzymic activity on varying the concentration of ATP in the presence of a fixed concentration of Mg 2 + (1,8 mmol/L) is shown in Figure 3 . Figure 4 shows the effect of varying the pH of the buffer on erythrocyte PRPP synthetase activity.
Discussion
Nine repeat assays of the same haemolysate preparation gave a mean activity of 45·08 nmollmg proteinih with a standard deviation of 1·19. The sensitivity of the method obtained from the blank reaction +2 SD=8 nmollmg proteinlh. The normal range of enzyme activity for 51 healthy adults was 96 nmol ribose-5phosphate phosphorylated per mg protein per h (SD 31,2).
The effect of storage on the enzymic activity is given in Table 1 .
The effect of varying the concentration of ribose-5-phosphate on PRPP synthetase activity was investigated for several haemolysates. A typical result is shown in Figure 1 . The insert shows the Lineweaver-Burk plot derived from this data.
The effect of varying the magnesium ion concentration on the enzyme activity at a fixed The validity of the method could be questioned because the linked enzyme system might be measuring the endogenous AMP present in the haemolysate and not the product of the PRPP synthetase. This objection was surmounted by estimating blanks containing no ribose-5phosphate for each haemolysate studied. The mean value for PRPP synthetase activity obtained in the present study of 96±31·2 (SD) nmollmg protei nih (51 healthy subjects) compares favourably with other reports. For example, Becker et al.2 report a mean value of 65±18 (SD) nmol/mg protein/h (28 healthy subjects) using a two-stage analytical method.
The effect of varying concentrations of R-S-P on the red cell PRPP synthetase activity in seven individuals was studied. Very similar substrate hyperbolic profiles were obtained and the linear Lineweaver-Burk plots were used to calculate the Michaelis constants. These were compared with values obtained by other workers using different assays for enzyme preparations from human erythrocytes ( Table   2 ). Our mean K m for ribose-S-phosphate was very similar to those previously found for the human erythrocyte enzyme.": III Sperling!" has reported that a mutant PRPP synthetase found in the erythrocytes of a gout patient with excessive purine production had the same K m for R-S-P as the usual erythrocyte enzyme. We a creased in both the latter two groups compared with the controls. II ATP profiles also appear to follow a hyperbolic curve with increasing amounts of ATP but at high concentrations the curve ceases to be asymptotic and starts to dip (Figure 2 ). At high concentrations of ATP the buffer capacity of the medium becomes inadequate and a decrease in pH was observed (pH 7·4 to 7,2). However an inspection of the pH profile ( Fig. 4) shows that a drop in pH of this magnitude has an appreciable effect on the enzymic activity over this pH range. An alternative explanation is clearly desirable. The true substrate for the enzyme, in addition to R-5-P, is ATp·Mg and not ATP. At the high values of ATP there is clearly insufficient Mg2+ present in the medium to form the complex salt. It is therefore essential to design future experiments with due regard to the amount of Mg 2 + required for complexing the ATP. The data in Table 2 show that our mean K m for ATP agrees with those recorded by other workers for the human erythrocyte enzyme.
The apparent instability of the enzyme has been discussed in many reports.t: 12. 13 and the ability of various additives in enzyme preparations to maintain enzymic activity during storage has been investigated. Fox and Kelly4 found that dithiothreitol (1 rnmol/L) protected the enzyme at -70 cC whereas the same concentration of mercaptoethanol produced inactivation. High concentrations of reduced glutathione are reported to be essential for maximal activity of pigeon liver PRPP synthetase.V: iJ We therefore examined the effect of a number of thiols on the stability of the erythrocyte enzyme and confirm that the inclusion of 2-mercaptoethanol was unsatis-factory. In contrast to other workers, however, neither glutathionel/' 13 nor dithiothreitol" maintained the enzymic activity of haemo-Iysates during storage at -20 c C. Glutathione. in our experience, was even inferior to no additive, for maintaining enzymic activity during storage at -20 c C.
The presence of inorganic phosphate seems to be essential for enzymic activity, since replacement of inorganic phosphate following dialysis of the enzyme against Tris-HCI or HEPES buffers results in no major loss of activity provided that the assay occurs in the presence of inorganic phosphate.!" We have found that the enzyme is inactive in Tris buffer in the absence of inorganic phosphate, but the effect of maintaining buffer capacity whilst decreasing the concentration of Tris and increasing that of the inorganic phosphate on the enzymic activity is sigmoidal. These results indicated the necessity to store our haernolysates in phosphate buffer (64,5 mmol/L). We have also found that the presence of EDTA (0,22 mrnol/L) stabilises enzymic activity during storage.
No loss of PRPP synthetase activity has been found in crude haemolysates stored for 48 hours with ATP (0·3 mmol/L) at 4 cC but after 3 months storage at -70 cC the enzymic activity was 40%. 15 The presence of ATP (0,65 mrnol/L) in our storage haemolysates yields maximum activity. Yip et al. 15 have shown that the decrease in enzymic activity is concomitant with the appearance of subunit fractions of the molecule, as evidenced by gel filtration on Sephadex G200. We have not subjected our samples to gel filtration. but the failure of both 2-mercaptoethanol and reduced glutathione to maintain enzymic activity during storage does
